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PARASITEPOPULATIONREGULATION:LETHALAND SUBLETHAL
EFFECTSOF LEPTORHYNCHOIDES
THECATUS
(ACANTHOCEPHALA:
RHADINORHYNCHIDAE)
ON HYALELLA
AZTECA(AMPHIPODA)*
Richard L. Uznanskit and Brent B. Nickol
School of Life Sciences, University of Nebraska-Lincoln, Lincoln, Nebraska 68588
The hypothesis that Leptorhynchoides thecatus populations are regulated by mortality of
heavily infected intermediate hosts, Hyalella azteca, was examined experimentally. Mortality related to
the infection process could not be demonstrated because no survivorship difference occurred between
amphipod groups exposed to L. thecatus and unexposed control groups after 24 hr. Likewise, amphipod
mortality could not be associated with infection intensity during this period. Amphipod mortality, growth,
and infection intensity were monitored for 25 days after a 24-hr exposure period. Cystacanths were infective to fish after 25 days. Survivorship of exposed amphipods was at least as great as that of unexposed
controls. Infection intensity in exposed male survivors did not differ significantly from that in males that
died during the study. Infection intensities in females and survivors of undetermined sex were significantly higher than in Hyallela that died. The effect of time on amphipod size (as indicated by head length)
was significant for male survivors and all females, but not for males that died. No negative effect of
infection intensity on growth was demonstrated, nor was there significant correlation between amphipod
size and infection intensity for either sex of amphipod at any time during the 25-day experiment. No
evidence of lethal effects or sublethal effects on growth was detected.

ABSTRACT:

According to theoretical models, mortality
of heavily infected hosts plays an important
role in natural regulation of parasite populations (Anderson, 1978; Anderson and May,
1978; Crofton, 1971a, b; May, 1977; May and
Anderson, 1978). Regulation through parasiteinduced host mortality is possible if 1) a link
exists between infection intensity and host
death; 2) host death prevents parasite reproduction; and 3) some hosts regularly acquire
a lethal number of parasites under normal environmental conditions.
Van Cleave (1920) initially reported Hyallella azteca as intermediate host for Leptorhynchoides thecatus and no other arthropod
since has been implicated in the life cycle.
According to DeGiusti (1949), development
of L. thecatus to an infective larva (cystacanth) requires approximately 30 days after
the amphipod ingests eggs. Cystacanths attain
a length of 2.5 to 3.5 mm. Spaeth (1951) attributed mortality of laboratory grown H. azteca to heavy infection with L. thecatus. Amphipods harboring L. thecatus cystacanths

reproduced normally, although there was
some evidence of reduced oocyte production
(Spaeth, 1951).
The present study was undertaken to determine experimentally the lethal and sublethal effects of larval acanthocephalans, L. thecatus, on their hosts, H. azteca. Survivorship
in exposed and unexposed amphipod groups
was compared, and the relationship between
parasite number and amphipod growth and
survival was studied.
MATERIALS AND METHODS
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Amphipods were collected from vegetation in
reservoirs of Lancaster Co., Nebraska. Because L.
thecatus does not occur in fish of this area (Samuel
et al., 1976), amphipods were assumed uninfected.
Only amphipods that passed through a 1.0-mm
mesh sieve and were retained by 0.710-mm mesh
were used for experimental purposes. Eggs of parasites were obtained from macerated female acanthocephalans that had been refrigerated several
weeks in tap water. Uninfected fish were obtained
in Lancaster Co., and maintained in amphipod free
aquaria.
Amphipods were dissected in 0.25% saline on
microscope slides. The head was severed while the
amphipod was held with forceps. The posterior segments then were separated gently from the abdomen, allowing removal of the intact intestine and
hepatic ceca. Parasites were counted with the aid
of a compound microscope. The material was then
washed into AFA, where it remained until further
processing. Preserved specimens were stained
overnight in acetocarmine prepared by diluting 1
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ml aqueous stock in 99 ml 70% ethanol. Specimens
were dehydrated in a series of alcohols, cleared in
xylene, and mounted in Canada balsam.
Amphipod survivorship in the first 24 hr after exposure was studied in 36 groups of 10 amphipods
each to assess possible mortality related to the infection process. Each group was placed in a 5-ml
beaker containing a small amount of algae and
water. The beakers were assigned numbers randomly (1-36), and eggs from L. thecatus, collected
at Rice Creek, Oswego Co., New York, were added
to odd-numbered beakers. The beakers were placed
in a humidified chamber consisting of a 34 x 24 x
9-cm covered, plastic box containing moist paper
towels, and placed under fluorescent illumination.
Amphipods were removed and counted after 24 hr.
All dead amphipods were examined immediately
for parasites. Exposed survivors were placed in
small jars containing algae and water, and examined
for parasites during the next 11 days. Amphipods
from three unexposed groups were examined and
found to be free of L. thecatus.
A second experiment addressed lethal and sublethal effects during parasite development. Amphipods were sorted and randomly assigned to six exposure groups, A through F, on day 0. Each group
was held in a small plastic cup containing water and
a small amount of algae. Groups A, B, and C were
exposed to eggs obtained from L. thecatus collected
at Atkinson Lake, Holt Co., Nebraska. Groups D, E,
and F served as unexposed controls. All containers
were placed under fluorescent illumination and
aerated gently for 24 hr. Survival was assumed to
be equal between exposed and unexposed amphipods during this period. On day 1 (1 DAE), amphipods were removed from exposure cups, washed to
displace adherent eggs, and placed individually in
vials containing water and algae. Each vial was covered with a randomly selected prenumbered cap
which determined incubation period and replicate
number, then placed in a randomly assigned position on a rack. Thus, each group was divided into
eight incubation period classes, each comprising 12
amphipods. The rack was exposed to constant illumination from four fluorescent bulbs placed 76 cm
from the rack. Algae in the vials provided food and
oxygen.
Beginning 2 DAE, the amphipod in each vial was
examined daily. An amphipod was considered dead
if incapable of locomotion. Dead amphipods were
dissected immediately. Empty positions on the rack
were filled with empty vials to prevent accidental
placement of an amphipod in an incorrect position.
Beginning 5 DAE, and at 5-day intervals thereafter,
all surviving amphipods in a selected incubation
period class were dissected. All living amphipods
in the four remaining incubation period classes
were dissected 25 DAE. Some parasites recovered
25 DAE were fed to L. thecatus-free Lepomis cyanellus, and worms were recovered subsequently
from the pyloric ceca, indicating cystacanth infectivity.
Amphipod head length, used to estimate size
(Mathias, 1971; Strong, 1972), and infection intensity were recorded during dissection. In early infection stages, initial parasite counts were some-

TABLE I. Comparison of Leptorhynchoides

thecatus recovery from a group of Hyallela azteca with

high mortality and 17 groups with low mortality
after 24-hr exposure to eggs.

Mortality after 24 hr
Parasites/amphipod (range)
Parasites/amphipod (mean)
Range of means

High

Low

mortality
group

mortality
groups

80.0%
0-13
2.5
-

1.8%
0-21
4.3
0.7-9.6

times inaccurate because intestinal
contents
obscured the parasites. These counts were revised
after examination of stained preparations. Approximately halfway through development, L. thecatus
breaks free of the amphipod intestine, leaving behind a remnant of the acanthor membrane. This
remnant was used to estimate infection intensity
when the parasites were damaged in dissection. In
some cases, no parasite count was possible owing
to amphipod decomposition. Amphipod sex was determined during dissection.
A FORTRAN program employing the maximum
likelihood method (Bliss and Fisher, 1953) was
used to estimate parameters of the negative binomial distribution. The Statistical Analysis System
(SAS) (Barr et al., 1976) was used for other statistical
procedures.
RESULTS

In the 24-hr amphipod survivorship experiment, 11 of 180 H. azteca exposed to L. thecatus eggs and two unexposed amphipods
died. Although this difference is statistically
significant (X2= 6.46, P < 0.05), eight of the
exposed, dead amphipods were from a single
group. No more than one amphipod died in
any other group. High mortality in a single
group may have resulted from parasitism, in
which case both maximum and mean infection intensities in groups with high mortality
would be expected to be higher than in
groups with low mortality, or it may have resulted from a random container effect. Neither
mean nor maximum infection intensity was
higher in the group with high mortality (Table
I), and 13 groups with low mortality had
higher mean infection intensities. Thus, amphipod mortality could not be attributed to
infection by L. thecatus. Deletion of the
group with exceptionally high mortality eliminates the survival difference between exposed and unexposed amphipods (X2= 0.26,
P > 0.5).

Occurrence of L. thecatus in laboratory-infected amphipods in the 25-day experiment is
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TABLE III. Comparison of numbers of parasites in
dead and surviving Hyalella azteca experimentally
exposed to Leptorhynchoides thecatus eggs.

lOOr

Mean

Maximum

Male amphipods
Survivors
Dead

54
52

4.15
4.58

19
18

Female amphipods*
Survivors
Dead

80
67

4.81
3.35

20
15

7.00
2.67

9
7

75

-4

50

Undetermined

(I)

Parasites/amphipod

Number of
amphipods

Survivors
Dead

sex amphipods*
3
8

* Significant difference (Wilcoxon two-sample test corrected for ties,
a = 0.05) between dead and surviving amphipods.

25-

over the 25-day development period is shown
in Figure 1. Survival among exposed amphi5
10
15
20
pods was at least as high as among unexposed
DAYS AFTER EXPOSURE
amphipods. Amphipod mortality, higher than
in natural populations (Cooper,
FIGURE 1. Survival of Hyalella azteca after ex- observed
posure to Leptorhynchoides thecatus eggs in the 1965; Mathias, 1971) or group cultures in our
laboratory. Open circles indicate unexposed am- laboratory, appeared related to bacterial inphipods; closed circles indicate exposed amphifection, apparently exacerbated by experipods and common points.
mental conditions.
The possible relationship between parasitpresented in Table II. Observed frequency
ism and host mortality was investigated furdistributions conformed to negative binomither by comparing infection intensities in
als, and were significantly different from Pois- dead and surviving amphipods (Table III) by
son series.
means of the Wilcoxon U-test (Sokal and
Amphipod survivorship (corrected for pre- Rohlf, 1969). Female amphipods and surviviously dissected incubation period classes)
vors of undetermined sex had significantly
more parasites than did those which died. The
difference was not significant for male amphipods.
TABLE II. Frequency distribution statistics for
The relationship between time and infecLeptorhynchoides thecatus in experimentally infected Hyalella azteca.
tion intensity on amphipod growth was examined by multiple regression (Table IV).
Group
Daily growth rates were significant for male
B
C
A
Combined
survivors and all females. Competition be87
90
85
262
Amphipods examined
tween host and parasites for essential nu71
220
63
86
Amphipods infected
trients is expected to produce negative regresPrevalence (%)
72.4
83.9
95.5
83.5
sion coefficients associated with infection
3.71
Parasites/infection
5.78
5.31
5.04
2.69
5.22
4.44
4.23
Parasites/amphipod (m)
intensity. Although not significantly different
Variance of m
10.15
18.22
179.91
18.57
from zero, no estimated regression coefficient
Negative binomial statistics
was negative. These results may indicate that
Estimated k
0.98
2.39
1.31
1.31
larger amphipods ingested more eggs than did
0.74
4.05
6.23
10.11
X2 Statistic
0.964
0.853
0.513
0.525
smaller amphipods. Correlation analysis (TaP (X2)
ble V) indicated no significant relationship
Poisson statistics
13.57
29.42
23.80
179.91
between amphipod size and infection intenX2 Statistic
P (x2)
0.019*
0.001*
0.001*
0.001*
sity 5 DAE and no general trend was appar* Observed distribution significantly different from expected.
ent. The significant correlation coefficient obI

.

.

.

!
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TABLE IV. Effect of time and infection intensity on growth (head length) in the laboratory of Hyalella
azteca over 25 days. Observations in micrometers. Significance for H,:bi = 0 is P > 0.05 unless otherwise
indicated.

Amphipod
sex

Mortality
status

Exposure
history

n

(a)
Intercept

(b,)
Time

(b2)
Intensity

Male

Dead

Exposed
Unexposed
Exposed
Unexposed

47
54
54
53

555.98
583.82
582.03
608.23

3.20
3.37
6.43t
4.04*

3.03
-

Exposed
Unexposed
Exposed
Unexposed

66
100
80
72

558.60
509.82
553.39
563.98

3.84*
7.25t
7.21t
4.91t

3.85
-

Survivors
Female

Dead
Survivors

2.73
-

1.71
-

Coefficient
of
determination
0.076
0.054
0.225
0.134
0.161
0.286
0.391
0.196

* P < 0.01.
t P < 0.001.

served for mixed sexes 25 DAE may be
spurious, having been generated by combining two groups, neither of which produced
significant coefficients independently. In any
event, there is no evidence suggesting retarded growth in H. azteca infected with L. thecatus.
DISCUSSION
Parasites often have been implicated in host
mortality through either direct effects or increased vulnerability to predation. Crofton
(1971a, b), Anderson (1978), and Anderson
and May (1978) formally included parasite induced host mortality in definitions of parasitism and incorporated these definitions in
models of host-parasite systems. Translation
of the definitions into mathematical formality
has required assumption that host mortality
occurs often enough to regulate both host and
parasite populations. The gap between occasional death of hosts with abnormally heavy
infections and parasite induced host mortality

TABLE V. Correlation (r) between Hyalella azteca

head length and number of Leptorhynchoides thecatus during parasite development.
Amphipod sex
Days
after
exposure

n

r

n

r

n

5
10
15
20
25

10
14
13
5
12

0.037
0.159
0.009
0.237
0.330

22
19
13
10
16

-0.023
0.307
-0.307
0.089
0.429

32
33
26
15
28

Males

Females

Mixed

* Statistical significance at 5% level for H,: r = 0.

-0.077
0.227
-0.232
0.211
0.375*

as a regular event is a large one which should
be crossed cautiously.
Much of the evidence invoked to support
the theoretical models is inadequate in one or
more respects. Distributions resembling truncated, negative binomials can be generated if
egg hatching is inhibited by previously
hatched parasites, or if hosts can avoid heavy
concentrations of parasites. Thus, Crofton
(1971a) and Lester (1977) did not clearly establish the link between parasitism and host
death. For many species of parasite, transmission, and continuation of the life cycle requires predation on intermediate hosts by the
definitive host. Crofton (1971a), Henricson
(1977), Lester (1977), and Pennycuick (1971a,
b) did not establish that host death necessarily
terminated the parasite life cycle. In other
cases, the parasite's reproduction occurred
prior to host death (Massoud, 1974), or death
of the host occurred after the parasites departed (Lanciani, 1975). Experimental studies
that establish a link between parasitism and
host death typically involve abnormal and
highly susceptible hosts (Forrester, 1971;
Hayes et al., 1973), or enormous parasite dosages in laboratory animals (Hunter and Leigh,
1961). In general, the workers cited made no
claim that their observations were related to
natural parasite population regulation. Additionally, Kennedy (1969) and McClelland and
Bourns (1969) provided examples where parasitism may contribute to host longevity.
The present study supplements existing
evidence (King, 1977; Vaughan and Coble,
1975) that parasites do not necessarily increase host mortality. DeGiusti (1949) reported that 0.4% and Esch et al. (1976) reported
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0.5 to 6.0% of Hyalella azteca were infected
naturally with L. thecatus. Frequency distribution data were not presented, making direct
comparisons between experimental and natural systems impossible. Prevalance, and perhaps mean infection intensity, was much
higher in experimental amphipods (Table II)
than in natural populations. High overall amphipod mortality rates suggest laboratory amphipods were in stressful environments.
Nonetheless, exposure to L. thecatus eggs
produced no demonstrable amphipod mortality in the laboratory (Fig. 1). The number of
parasites was not associated with host mortality in initial stages of infection (Table I) or
during parasite development
(Table III).
Spaeth (1951) reported contrary results in an
experiment without replication and without
reporting results for uninfected amphipods.
Our experimental protocol did not test indirect lethal effects mediated through competition or predation. Diversion of amphipod
resources to the parasite's tissue did not significantly alter amphipod growth (Tables IV,
V). Anecdotal evidence (Spaeth, 1951) suggests reduced oocyte production in infected
female amphipods. Diversion to developing
parasites of host resources normally allocated
to reproduction is consistent with present
data. Hyalella azteca apparently do not compete among themselves for food (Cooper,
1965), but predation by fish is thought to play
a major role in amphipod population dynamics (Cooper, 1965; Strong, 1973; Van Dolah,
1978). Normal coloration and behavior allow
H. azteca to hide from visually oriented fish
(Strong, 1973). Prior to cystacanth formation,
heavily infected H. azteca are indistinguishable from their uninfected counterparts. Following cystacanth formation, selective predation by fish on infected amphipods would
enhance transmission probabilities. Amphipod death is a necessary step in the L. thecatus life cycle. Based on available data, it
seems unlikely that L. thecatus populations
are regulated by death of heavily infected H.
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